

























(sound	 with	 frequencies	 above	 which	 humans	 can	 hear).	 While	 the	 study	 of	
infrasound	and	sound	cover	a	variety	of	subjects,	the	study	of	ultrasound	reveals	a	
wide	variety	of	applications	and	unusual	phenomena.	
	 Ultrasound	 was	 first	 encountered	 in	 the	 18th	 century	 by	 Italian	 scientist	


















pressure	 phase	 of	 the	 acoustic	 cycle.	 A	 small	 air	 pocket	 on	 a	 piece	 of	 particulate	
matter,	which	is	itself	too	small	to	be	seen,	grows	during	the	negative	pressure	phase.	
As	 it	grows,	gases	dissolved	 in	 the	water	are	drawn	into	 the	bubble,	allowing	 it	 to	
grow	 to	 a	 size	 large	 enough	 to	 be	 visualized.	 Acoustic	 cavitation	 is	 a	 high	 power	




















a	bubble	and	the	pressure	gradient.	 If	 this	product	varies	with	time,	 then	the	time	
average	is	taken.	
𝐹 = − 𝑉 𝑡 𝛻𝑃(𝑟, 𝑡) 	
	 This	translational	force	was	first	formulated	by	Bjerknes	(1906)	but	was	later	






1951)	 was	 a	 Norwegian	 physicist	 who	
helped	 establish	 the	 modern	 field	 of	
meteorology.	 It	 is	 after	 Bjerknes	 for	 which	
the	 primary	 Bjerknes	 force	 is	 named.	
https://snl.no/Vilhelm_Bjerknes	
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occur	 at	 pressure	 antinodes,	 they	migrate	 away.	 These	 gas-filled	 bubbles	 become	
trapped	by	pressure	gradients	and	begin	to	coalesce.	The	forces	on	these	bubbles	are	
the	buoyant	force,	the	primary	Bjerknes	force,	and	the	secondary	Bjerknes	force.	The	





𝐹 = − 𝑉 𝑡 𝛻𝑃(𝑟, 𝑡) 	







































acoustic	 instruments.	 The	 purpose	 of	 the	 measurement	 system	 is	 to	 provide	
estimates	of	the	primary	Bjerknes	force.	The	approach	is	known	as	the	scattered	light	
method	and	was	 the	method	used	 in	 this	work	 to	determine	 the	 force.	This	 setup	
allows	for	the	direct	measurement	of	the	volumes	of	bubbles.	From	the	volumes	of	
bubbles,	 buoyant	 forces	 can	 be	 calculated.	 It	 is	 from	 the	 buoyant	 forces	 that	 the	
primary	Bjerknes	force	on	bubbles	can	be	calculated.	In	this	method,	light	is	scattered	
off	of	the	bubbles	in	a	forward	scattering	manner.	When	light	is	forward	scattered,	





















in	 nodes.	 These	 nodes	 are	 places	 where	 pressure	 is	 zero,	 and	 conversely,	 the	
antinodes	are	places	where	 the	pressure	 oscillates	with	maximum	amplitude.	The	
spacing	between	the	bubbles	is	equal	to	one-half	of	the	wavelength	of	the	ultrasound.	









𝑐 = 1.402385×10j + 5.038813×10lj 𝑇 + −5.799136×10lb 𝑇o




















camcorder	 that	 is	placed	 in	 front	of	 the	 tank	and	adjusted	so	 that	 the	bubbles	are	
clearly	visualized.	Figure	6	is	an	image	taken	of	the	cavitation.	At	first	glance	it	may	







mentioned	 in	 Table	 1.	 Nevertheless,	 these	 smaller	 bubbles	 are	 important	 and	
therefore	 are	 described	 here.	 They	 have	 a	 radius	 of	 approximately	 0.05	mm.	 The	
bubbles	 that	 are	most	 prominent	 among	 them	 are	 the	 ones	 along	 strands.	 These	
bubbles	 are	 stationary	 relative	 to	 the	 larger	 bubble	 types.	 Their	 motion	 consists	
mostly	 of	 small	 displacements	 from	 what	 can	 be	 considered	 their	 equilibrium	
positions.	 As	 a	 result,	 they	 remain	 fixed	 in	 the	 ultrasound	 field.	 Medium,	 or	
























recorded	with	a	video	camcorder,	and	 it	 is	not	possible	 to	measure	 the	depth	of	a	
critical	bubble	from	a	two-dimensional	image.	A	solution	to	these	two	problems	is	to	
illuminate	 a	 plane	 of	 the	 field	 of	 cavitation.	 This	 is	 analogous	 to	 computed	
tomography	(CT),	an	invaluable	diagnostic	imaging	tool	that	allows	doctors	to	view	
“slices”	 of	 patients’	 bodies.	 The	 concept	 of	 illuminating	 a	 plane	 in	 the	 cloud	 of	
cavitation	is	illustrated	in	Figure	9.	Laser	light	is	collimated	and	is	passed	through	a	
thin	aperture.	This	is	shown	in	Figure	10.	The	result	is	a	plane-like	beam	of	collimated	








of	 the	 the	 laser	 light	 and	 forms	 it	 into	 a	 column,	 and	 the	 aperture	
restricts	 the	 laser	 light	 to	 a	 plane	 that	will	 illuminate	 a	 slice	of	 the	
cavitation	cloud.	
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cavitation	 field	 appears	whenever	 a	 plane	 of	 interest	 is	 illuminated.	 This	method	
allows	 one	 to	 focus	 on	 a	 single	 plane	 rather	 than	 the	 entire	 cavitation	 field.	 The	
advantage	is	that	we	can	focus	attention	on	a	group	of	bubbles	rather	than	an	entire	
cavitation	 cloud,	 as	 visualized	 in	 Figure	 12.	 This	 makes	 it	 easier	 to	 identify	 the	
positions	of	critical	bubbles.	
4.3	DATA	AND	RESULTS	
	 Data	 were	 collected	 in	 three	 sets.	 Each	 set	 of	 data	 consists	 of	 four	
measurements.	The	data	 includes	 the	power	and	 the	 frequency	settings	on	 the	RF	
generator	and	the	approximate	location	of	the	critical	bubbles.	Table	2	lists	some	of	
the	data.	These	approximate	locations	are	identified	from	the	front	of	the	setup	(i.e.,	
from	 where	 the	 video	 camcorder	 was	 placed).	 The	 reason	 that	 the	 power	 and	
























































Set	1	 0.30(5)	 15(6)	 0.15(6)	
Set	2	 0.38(3)	 28(5)	 0.28(5)	
Set	3	 0.43(1)	 41(2)	 0.41(2)	
	
This	table	lists	the	average	critical	diameters,	average	critical	volumes,	










	 One	 problem	 with	 the	 scattered	 light	 method	 was	 the	 uncertainty	 of	 the	
diameter	of	the	bubbles.	In	addition	to	not	knowing	the	exact	diameters	of	bubbles,	
the	 exact	 location	 of	 the	 bubbles	 remained	 unknown.	 Again,	 the	 locations	 of	 the	



















































	 Measurements	 of	 the	primary	Bjerknes	 force	have	been	 established	but	 do	
need	to	be	refined.		One	goal	of	future	work	is	to	improve	the	quality	of	the	images	so	
that	 the	 diameters	 of	 the	 bubbles	 can	 be	 better	 determined.	 In	 addition	 to	 better	
measurements	of	 the	diameters	of	bubbles,	more	 sets	of	data	 should	be	recorded.	
Each	set	of	data	should	vary	in	power	and	frequency	so	that	trends	can	be	identified.	
Also,	 measurements	 of	 the	 primary	 Bjerknes	 force	 should	 be	 compared	 to	
predictions.	A	hydrophone	scan	of	the	acoustic	pressure	is	shown	in	Figure	19.	These	
predictions	 will	 compare	 the	 radiation	 pressure	 measured	 in	 a	 location	 to	 the	
radiation	pressure	predicted	by	a	model.	 It	would	be	advantageous	 to	use	code	 to	
automate	the	measuring	of	critical	bubbles	and	their	locations	relative	to	an	origin	
and	to	track	the	motion	of	critical	bubbles.	
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	Figure	19	 Hydrophone	scan	of	transducer.	These	graphs	show	the	magnitude	of	
the	acoustic	pressure	as	a	function	of	distance.	The	picture	on	the	left	
shows	the	acoustic	pressure	as	viewed	looking	directly	up	at	the	face	
of	the	transducer	at	a	distance	of	approximately	7	cm.	The	picture	of	
the	right	is	a	side-view	of	the	magnitude	of	the	acoustic	pressure.	
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